Medow MS, Sood S, Messer Z, Dzogbeta S, Terilli C, Stewart JM. Phenylephrine alteration of cerebral blood flow during orthostasis: effect on n-back performance in chronic fatigue syndrome. J Appl Physiol 117: 1157-1164, 2014. First published October 2, 2014; doi:10.1152/japplphysiol.00527.2014.-Chronic fatigue syndrome (CFS) with orthostatic intolerance is characterized by neurocognitive deficits and impaired working memory, concentration, and information processing. In CFS, upright tilting [head-up tilt (HUT)] caused decreased cerebral blood flow velocity (CBFv) related to hyperventilation/hypocapnia and impaired cerebral autoregulation; increasing orthostatic stress resulted in decreased neurocognition. We loaded the baroreflex with phenylephrine to prevent hyperventilation and performed n-back neurocognition testing in 11 control subjects and 15 CFS patients. HUT caused a significant increase in heart rate (109.4 Ϯ 3.9 vs. 77.2 Ϯ 1.6 beats/min, P Ͻ 0.05) and respiratory rate (20.9 Ϯ 1.7 vs. 14.2 Ϯ 1.2 breaths/min, P Ͻ 0.05) and decrease in end-tidal CO2 (ETCO2; 42.8 Ϯ 1.2 vs. 33.9 Ϯ 1.1 Torr, P Ͻ 0.05) in CFS vs. control. HUT caused CBFv to decrease 8.7% in control subjects but fell 22.5% in CFS. In CFS, phenylephrine prevented the HUT-induced hyperventilation/hypocapnia and the significant drop in CBFv with HUT (Ϫ8.1% vs. Ϫ22.5% untreated). There was no difference in control subject n-back normalized response time (nRT) comparing supine to HUT (106.1 Ϯ 6.9 vs. 97.6 Ϯ 7.1 ms at n ϭ 4), and no difference comparing control to CFS while supine (97.1 Ϯ 7.1 vs 96.5 Ϯ 3.9 ms at n ϭ 4). However, HUT of CFS subjects caused a significant increase in nRT (148.0 Ϯ 9.3 vs. 96.4 Ϯ 6.0 ms at n ϭ 4) compared with supine. Phenylephrine significantly reduced the HUTinduced increase in nRT in CFS to levels similar to supine (114.6 Ϯ 7.1 vs. 114.6 Ϯ 9.3 ms at n ϭ 4). Compared with control subjects, CFS subjects are more sensitive both to orthostatic challenge and to baroreflex/chemoreflex-mediated interventions. Increasing blood pressure with phenylephrine can alter CBFv. In CFS subjects, mitigation of the HUT-induced CBFv decrease with phenylephrine has a beneficial effect on n-back outcome. chronic fatigue syndrome; orthostatic challenge; n-back testing; cerebral blood flow; cognition CHRONIC FATIGUE SYNDROME (CFS) is characterized by incapacitating fatigue, inability to concentrate, and short-term memory loss. It is accompanied by joint pain and generalized myalgias, unrefreshing sleep, tender lymph nodes, sore throat, and headache. Patients often experience postexertional malaise and exacerbation of symptoms after physical or mental exertion. Additional symptoms include difficulties with word-finding and reading comprehension, inability to calculate numbers and speech impairments, visual disturbances, psychological problems, depression, irritability, anxiety, and panic attacks; symptoms are highly variable and fluctuate in severity (1, 16).
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Neurocognitive impairment in CFS, subjectively described as mental fog or cloudiness, causes impaired working memory and concentration and difficulty in processing complex information (1, 25, 27, 36, 39) . Many CFS patients have an inability to plan and order responses and exhibit working memory deficits during demanding tasks that require attention and switching between mental processing routines (10 -12, 28, 29, 39) and impaired speed in information processing (10) . Evidence for the role of cerebral perfusion is unclear, as some studies support this (4, 8, 24) while other studies fail to support (15, 31 ) the hypotheses of global or regional deficits of perfusion in patients with CFS. However, our prior studies using transcranial Doppler ultrasound (TCD) showed reduced cerebral blood flow and cognitive loss in postural tachycardia syndrome (POTS) patients compared with healthy control subjects during 70°upright tilt but not while supine (38) .
We have shown that chronic orthostatic intolerance [OI, the inability to remain upright because of signs and symptoms relieved by recumbency (43) ] is present in a large subset of CFS patients (48, 49) . OI takes the form of postural tachycardia, postural hyperventilation, or both (50) , each of which can result in significant reductions of cerebral blood flow velocity (CBFv) (24, 42, 61) . Prior work provides evidence of excessive pooling of blood in the splanchnic (gut) circulation while upright as one cause of central hypovolemia and OI (33) . There is also evidence for intermittent reductions in cerebral blood flow causing the accumulation of cerebral lactate (46) and reactive oxygen species (ROS) (32) and neurocognitive loss in CFS (14, 18) .
CFS is frequently associated with OI as POTS (23, 49) . POTS is an increase in heart rate (HR) of Ͼ30 beats/min (bpm) upon standing upright or a maximum HR of at least 120 bpm in those aged 14 yr and older and at least 130 bpm for those 13 yr and younger (47) , with fatigue, nausea, headache, visual disturbances, hypocapnia, and/or cognitive impairments as well. A cause for this neurocognitive impairment has not been established, but it may be due to decreased cerebral blood flow (30, 38) , due in part to a direct effect of CO 2 on cerebrovascular flow, altered cerebrovascular regulation, or a combination of these (38, 39) . We and others have shown that in CFS/POTS orthostasis changes CO 2 , resulting in hypocapnia and hyperventilation (35, 50) .
We have also shown an increased respiratory chemoreflex response to hypoxia and a decreased respiratory chemoreflex response to hypercapnia in POTS compared with control, even while supine (56) . These differences were enhanced by orthostasis. From this we inferred that peripheral chemoreflex sensi-tivity measured by the hypoxic ventilatory response was increased while central chemoreflex sensitivity measured by the hypercapnic ventilatory response was reduced in POTS. Therefore in CFS/POTS, baroreflex unloading during head-up tilt (HUT) stimulates peripheral oxygen-dependent chemoreflexes, causing hyperventilation that is unopposed by the restraining effects of hypocapnia. Upright hyperventilation and hypocapnia reduces cerebral blood flow (37, 38) and likely contributes to light-headedness and to cognitive impairment while upright.
The purpose of this study was therefore to test the hypothesis that impaired upright cognition occurs in CFS patients and that it can be improved by loading the baroreflex with phenylephrine to increase cerebral blood flow.
STUDY DESIGN AND METHODOLOGY
We recruited CFS subjects with reported neurocognitive impairment and hyperventilation/hypocapnea (n ϭ 15) likely due to their POTS and healthy control subjects (n ϭ 11). CFS subjects were between 15 and 29 yr old and fulfilled CDC criteria for CFS (16) . CFS subjects had normal physical examination, were free of systemic illness, and included those with persistent or relapsing chronic fatigue of new or definite onset and four or more of the following concurrent symptoms that persisted or recurred during 6 consecutive months and had not predated the fatigue: 1) impairment in memory or concentration severe enough to cause substantial reduction of previous levels of educational, social, or personal activities; 2) muscle pain or multiple joint pain; 3) headaches of a new type, pattern, or severity; 4) unrefreshing sleep; and 5) postexertional malaise lasting Ͼ24 h. Healthy volunteer control subjects had normal physical examination and were free from systemic illnesses.
CFS subjects were evaluated for OI by use of upright tilt to 60°for 10 min. Symptoms of OI included dizziness, headache, fatigue, neurocognitive or sleep disorders, exercise intolerance, hyperventilation, nausea/abdominal pain, and/or sweating. All subjects were instrumented with a finger plethysmograph using a Finometer (Finapres Medical Systems) for beat-to-beat blood pressure and ECG for heart rate and rhythm. End-tidal carbon dioxide (ETCO 2) was measured with a nasal cannula using capnography and arterial oxygen saturation measured by pulse oximetry (BCI Capnocheck Plus, Smiths Medical, Dublin, OH). We monitored respirations with a respiratory plethysmograph (Respitrace, NIMS, Miami, FL) that was calibrated against a pneumotachogram (Hans Rudolph, Shawnee, KS). We also used TCD (Neurovision, Yonkers, NY) of the right middle cerebral artery (MCA) to measure CBFv (38, 39) . All parameters were recorded during initial evaluation and continuously during all subsequent testing. All data were acquired continuously to computer through an A/D converter (DATAQ; Milwaukee, WI) using custom computer software.
Once identified, CFS subjects with OI and hyperventilation/hypocapnea were asked to continue with n-back testing of their neurocognitive function. Use of medication was exclusionary for all subjects. If medication had been used, it was discontinued at least 2 wk prior to their study date. Prior to acceptance into the study, all subjects filled out a screening questionnaire concerning orthostatic intolerance, review of systems, and cognitive, physical, and social functioning. This study was approved by the Institutional Review Board of New York Medical College. All subjects 18 yr and older signed informed consent forms prior to participation in the study. Subjects less than 18 yr of age gave informed assent, and their legal guardians signed informed consent.
n-Back testing of neurocognitive function. Prior to the start of the study, subjects filled out the Edinburgh Handedness Inventory to determine their dominant hand, which was used for responding during the n-back task. In addition, subjects completed the WTAR (Wechsler Test of Adult Reading) test to assess baseline reading ability, intelligence, and memory and to estimate any cognitive deficits prior to initiation of the study. Cognitive deficits were exclusionary for participation (39) .
After the initial tilt during which CFS subjects were evaluated for OI, qualifying subjects were returned to a supine position for 30 min and then testing was performed with the n-back test, which challenges working memory, attention, concentration, and information processing. This was performed both while subjects were supine and during an upright tilt to 60°as previously described (6, 39, 41) . The "n" refers to a number that indicates increasing difficulty. We used 0-, 1-, 2-, 3-, and 4-back levels as progressively increasing mental challenges. At each n-back level of testing, a sequence of alphabetical characters is displayed on a video screen and the subject is asked to respond based on the following. During the 0-back level, the subject responds by activating a recording device when a particular character is displayed. We used the letter "O" as the response character. During the 1-back level, the subject responds if the current character displayed on the screen is the same as that previously displayed "1" character back. During the 2-back level, the subject responds if the current character displayed on the screen is the same as that previously displayed "2" characters back. This scheme is repeated incrementally for the "3"-and "4"-back steps. The stimulus duration (the amount of time the character was displayed on the screen) was 1 s, and the interstimulus duration (the amount of time between the display of any characters) was 1 s. Between each n-back level, there was a 10-s pause. To prevent confusion, the video screen displayed which n-back level was next during this pause. A computer generated a random sequence of 29 capital letters, excluding vowels, for each n-back level. Only the 0-back sequences contained the letter "O." Each level of the n-back had its own individual, nonrepetitive sequence, and for continuity all subjects saw identical sequences in identical order. n-Back levels were presented in sequential order (0-back, then 1-back, then 2-back, then 3-back, and then 4-back). Subjects responded during each n-back task by pressing a switch placed in their dominant hand.
Protocol. Throughout the entire protocol, a script was read to all subjects to ensure standardization of testing. After instrumentation, all subjects lay supine on a tilt table and awake with their eyes open for 5 min to accommodate. Subjects then practiced responding with the handheld switch to the beat of a metronome and then rested for 5 min. Next, subjects underwent three n-back task practice sessions with a 2-min rest between sessions. Subjects were allowed to ask questions during these practice sessions and were monitored to assess whether they correctly understood the n-back task. After successful completion of the n-back practice sessions, no more questions were allowed. After completion, subjects lay supine and awake with their eyes open for 15 min. Baseline measurements were taken throughout this period. The subjects then completed an n-back task while supine. After the task, the subjects were tilted to 60°for 10 min. The first 1 min of data was excluded to allow for hemodynamic stabilization to occur. Minutes 2-4 were taken as the baseline values, and the n-back task was administered during minutes 4 -10. Subjects were instructed to inform us if they felt ill, nauseated, or presyncopal as a result of HUT. Presyncope was defined as a fall in systolic blood pressure of 20 mmHg or a systolic blood pressure below 80 mmHg with signs and symptoms of OI such as nausea, diaphoresis, pallor, and/or headache. Each subject completed the full tilt unless he/she requested to be returned to the supine position, at which point the test was ended. If significant hypotension below 80 mmHg and/or bradycardia below 50 bpm occurred, subjects were immediately lowered to the supine position and the test was ended. At the end of the tilt-table testing, subjects returned to the supine position and remained still for 10 min.
Data analysis and statistics. For each n-back, the numbers of correct responses (C), missed responses, and incorrect false responses (F) were recorded. Correct responses were defined as the subject appropriately responding to the n-back challenge. Missed responses were defined as a subject not responding to an n-back repeat when he/she should have. False responses were defined as a subject re-sponding inappropriately when an n-back repeat was not presented. Absolute response time (RT) was calculated in milliseconds as the difference between the time the letter first appeared (t 0) on the video screen and the time the subject responded (tr). Thus RT ϭ tr Ϫ t0. For each level of the n-back, we recorded the mean RT. The normalized response time (nRT) was calculated as the mean absolute RT per total number of responses, or the mean time per response, and nRT ϭ RT/(C ϩ F). This takes into account the number of times a subject responded. Data were recorded continuously at 200 Hz. NCSS 2007 (LCC) statistical software was used. Study group means for physiological measures were compared with unpaired t-tests. n-Back measures were analyzed with a repeated-measures ANOVA, including a group ϫ period (i.e., n-back) interaction. When the interactions were significant, post hoc Student's t-tests using Bonferroni's adjustment were used to determine differences only between groups (21). Results are reported as means Ϯ SE. Significance was set at P Ͻ 0.05.
Reversal of decreased CBFv and neurocognition. To establish whether phenylephrine infusion could mitigate the decrease in neurocognition related to decreased CBFv, the following was used. Subjects returned for an additional evaluation following the initial screening tilt in which cardiovascular, pulmonary, and CBFv data were measured supine and during a tilt/n-back evaluation. We then loaded the baroreflex with the ␣ 1-adrenergic receptor agonist phenylephrine to prevent hyperventilation in these CFS subjects. Intravenous phenylephrine was initially infused at 0.2 g·kg Ϫ1 ·min Ϫ1 and increased until systolic blood pressure was elevated by ϳ10% (5, 44, 53, 56); once this elevation was achieved, a maintenance dose was infused during all subsequent testing.
RESULTS

Study population demographics.
There were no statistical differences in age, height, or weight between the CFS group (n ϭ 15) and the control group (n ϭ 11). The characteristics of the two groups are shown in Table 1 .
Supine cardiorespiratory characteristics. Although control subjects had a significantly lower HR while supine compared with CFS patients (54.6 Ϯ 1.9 vs. 74.6 Ϯ 2.1 bpm, P Ͻ 0.05), there were no differences while supine in mean blood pressure (71.8 Ϯ 3.3 vs. 71.4 Ϯ 3.1 mmHg), ETCO 2 (44.9 Ϯ 0.9 vs. 41.1 Ϯ 0.5 Torr), or respiratory rate (16.7 Ϯ 1.3 vs. 18.2 Ϯ 1.0 breaths/min) comparing control subjects to CFS patients, respectively.
Cardiorespiratory effects of 60°HUT. The response of both CFS and control subjects to a 60°HUT is shown in Fig. 1 . HUT resulted in a significant increase in HR (109.4 Ϯ 3.9 vs. 77.2 Ϯ 1.6 bpm, P Ͻ 0.05) and respiratory rate (20.9 Ϯ 1.7 vs. 14.2 Ϯ 1.2 breaths/min, P Ͻ 0.05) and a significant decrease in ETCO 2 (33.9 Ϯ 1.1 vs. 42.8 Ϯ 1.2 Torr, P Ͻ 0.05) in CFS patients compared with control subjects. During HUT, control subjects had a significant increase in HR (77.2 Ϯ 1.6 vs. 54.6 Ϯ 1.9 bpm, P Ͻ 0.05) and blood pressure (87.6 Ϯ 4.5 vs. 71.8 Ϯ 3.3 mmHg, P Ͻ 0.05) compared with the supine condition.
In addition, a 60°HUT caused a significant decrease in CBFv in CFS compared with control subjects (58.0 Ϯ 1.4 vs. 68.8 Ϯ 2.5 cm/s, P Ͻ 0.05), as shown in Fig. 2 . While control CBFv was reduced Ͻ10% by orthostasis, CFS subjects experienced a CBFv reduction that was Ͼ20%. This is similar to results that we have shown previously in response to a 70°H UT in POTS subjects (38) . Cardiorespiratory response to phenylephrine. When phenylephrine was infused intravenously to achieve an ϳ10% increase in supine blood pressure, as shown in Fig. 3 , there was an anticipated compensatory significant decrease in HR in both control and CFS subjects. HUT during phenylephrine resulted in a significant increase in HR in both groups but no increase in blood pressure beyond that resulting from the drug alone. While ETCO 2 was significantly lower (P Ͻ 0.05) and respiratory rate significantly higher (P Ͻ 0.05), comparing CFS to control, there were no changes in ETCO 2 or respiratory rate comparing supine, supine plus phenylephrine, and HUT plus phenylephrine within groups.
Effect of phenylephrine and 60°HUT on brain blood flow. As shown in Fig. 4 , phenylephrine caused a significant (P Ͻ 0.05) increase in supine CBFv only in control subjects (10.6% control; 3.0% in CFS patients). During orthostatic challenge (HUT), however, the phenylephrine-induced increase in CBFv mitigated the significant decrease on CBFv in both control subjects (0.2% increase) and CFS subjects (Ϫ8.1% vs. Ϫ22.5% untreated). Interestingly, HUT with phenylephrine resulted in a diminished CBFv in CFS subjects that was the same as healthy control subjects in the absence of treatment.
n-Back testing of neurocognitive function. To evaluate the effect of CBFv restoration during HUT with phenylephrine on neurocognitive function nRT, n-back testing was performed, as it is a measure of performance that also takes into account the number of times a subject responded. This parameter increases with increasing task difficulty with the escalation from n ϭ 0 to n ϭ 4. Accordingly, as shown in Fig. 5 , top, nRT increased as n increased, and when determined in control subjects there was no difference in n-back performance comparing supine to HUT (106.1 Ϯ 6.9 vs. 97.6 Ϯ 7.1 ms for n ϭ 4, not significant). However, as shown in Fig. 5 , bottom, CFS subjects performed more poorly, as their nRT increased significantly with increasing n-back difficulty (at n Ͼ 2) during HUT compared with supine (148.0 Ϯ 9.3 vs. 96.4 Ϯ 6.0 ms for n ϭ 4, P Ͻ 0.05). Although not shown, n-back testing results in CFS subjects while supine were not different from results in control subjects either supine or upright. Thus the CFS subjects' neurocognitive performance was diminished by orthostasis.
Effect of phenylephrine on n-back testing of neurocognitive function. To establish the influence of maintaining CBFv during orthostasis with phenylephrine (8.1% decrease with phenylephrine vs. Ϫ22.5% without) on neurocognitive performance, we performed n-back testing during HUT in the absence and presence of phenylephrine. Figure 6 shows that during HUT CFS patients' performance of n-back testing was significantly improved by phenylephrine for all values Ͼ n ϭ 0, (114.6 Ϯ 7.1 vs. 148.0 Ϯ 9.3 ms for n ϭ 4, P Ͻ 0.05). This is indicated by the reduction in nRT values for n-back levels 1-4 and a significant reduction in the slope of this relationship compared with control. In data not shown, there was no difference in the results of nRT in control subjects with or without phenylephrine and n-back in CFS following phenylephrine while upright was similar to that measured in control subjects.
DISCUSSION
The present study shows that in CFS subjects mitigation of the HUT-induced decrease in CBFv with phenylephrine has a beneficial effect on neurocognitive function as measured by n-back performance. Neurocognitive impairment in CFS, subjectively described as mental fog or cloudiness, may be among the most debilitating aspects of this syndrome (1, 25, 27, 36, 39) . CFS patients have impaired working memory and concentration and difficulty in processing complex information. When tested, CFS patients also have an inability to plan and order responses. Similarly, working memory deficits in CFS patients have been described during demanding tasks that required attention and switching between mental processing routines (10 -12, 28, 29). We and others have shown that in CFS/POTS, orthostasis changes CO 2 , resulting in hypocapnia and hyperventilation (35, 50) . While a cause for this neurocognitive impairment has not been established, it may be due to decreased cerebral blood flow (30, 50) , as a direct effect of CO 2 on cerebrovascular flow, altered cerebrovascular regulation, or a combination of these (38, 39) .
The role of cerebral perfusion in neurocognitive dysfunction is unclear, as some studies support (4, 8, 24) while other studies fail to support (15, 31) findings of global or regional deficits of perfusion in patients with CFS. Our prior studies suggest this impaired perfusion hypothesis, as TCD demonstrated reduced cerebral blood flow (38) and cognitive loss in CFS/POTS patients (41) compared with healthy control subjects during 70°upright tilt but not while supine. In other experiments, we showed an increased respiratory chemoreflex response to hypoxia and a decreased respiratory chemoreflex response to hypercapnia in POTS compared with control, even while supine (56) . These differences were enhanced by orthostasis.
Prior investigations have examined cognitive performance in CFS/POTS. While some studies were performed supine, and sometimes while seated, posture was never altered. However, the use of different positions (seated or supine) in prior studies could account for different results. An n-back study performed supine with BOLD fMRI found no n-back performance differences in CFS compared with control subjects; however, brain activation was reduced by 2-back and 3-back (7). On the other hand, cognitive deficits were not demonstrated by other investigators using a variety of cognitive testing tools (10, 12) . Most cognitive testing modalities are unsuitable for time-delimited orthostatic testing. Differences of CFS from control appear to segregate with posture, such that testing shows no difference in cognition compared with control subjects when supine but does show a difference in cognition compared with control subjects while seated (10, 11, 59) . This is consistent with orthostaticdependent results, which likely are related to other orthostaticdependent changes in CFS subjects that we have observed.
We have shown that peripheral chemoreflex sensitivity, measured by the hypoxic ventilatory response, was increased in POTS while central chemoreflex sensitivity, measured by the hypercapnic ventilatory response, was reduced (56) . In CFS/POTS, baroreflex unloading during HUT stimulates peripheral oxygen-dependent chemoreflexes, causing hyperventilation that is unopposed by the restraining effects of hypocapnia. Hyperventilation causing decreased arterial partial pressure of CO 2 and decreased ETCO 2 is commonly observed when CFS/POTS subjects undergo tilt-table testing (35, 37, 50) . Therefore in the present study we chose to load the baroreflex with phenylephrine to oppose this mechanism and to evaluate its ability to mitigate the effects of orthostasis on neurocognition.
Effects of phenylephrine on cardiorespiratory measurements. In these studies, HUT in CFS subjects resulted in significant decreases in ETCO 2 and increases in respiratory rate. Infusion of phenylephrine, however, prevented these changes, and ETCO 2 and respiratory rate were the same as supine both during phenylephrine infusion supine and during HUT. Phenylephrine also prevented the significant drop in CBFv that is measured during HUT in CFS subjects. Since neurocognitive impairment due to reduced cerebral blood flow may be due in part to a direct effect of CO 2 on cerebrovascular flow, altered cerebrovascular regulation, or a combination of these (38, 39) , prevention of the orthostasis-induced decreases of CBFv and CO 2 should result in improved upright neurocognitive testing in CFS subjects.
Changes in cerebral blood flow are tightly linked to alterations in CO 2 , and this cerebrovascular reactivity maintains central pH and thus affects the respiratory central chemoreceptor response. There are also studies that show that reduction of CBF-CO 2 reactivity may lead to an enhanced ventilatory reactivity to CO 2 through greater sensitivity of the central chemoreceptors (2) . The exact nature of these relationships, however, remains somewhat controversial, as recent publications suggest that elevations in the sensitivity of peripheral and central chemoreflexes can either cause an increase in ventilation (a hyperadditive effect) or a decrease in ventilation (a hypoadditive effect) (13, 57, 60) .
In the present study n-back testing while supine showed that in both control subjects and CFS subjects nRT increased with increasing challenge difficulty as n increased from 0 to 4. Control subjects performed equally, whether supine or during HUT. nBack testing of supine CFS subjects was the same as that of control subjects. However, during HUT nRT was significantly longer compared with the supine condition, indicating increased difficulty in information processing while upright.
Effects of phenylephrine on n-back testing. When n-back testing was done during infusion of phenylephrine, there was no difference in the performance of control subjects, supine or during HUT. However, in CFS subjects n-back results with phenylephrine during HUT were the same as those while supine. That is, in CFS subjects phenylephrine reversed the orthostasis-induced decrease in neurocognitive performance as measured by n-back testing.
We have previously shown that n-back outcome is impaired in CFS/POTS during orthostasis and that there is a progressive decrease in the number of correct identifications and increase in the reaction time of the n-back tasks measured during incremental tilt (39) . We now show that phenylephrine, perhaps related to its ability to minimize the orthostatic reduction in brain blood flow velocity, significantly improved n-back performance in CFS subjects while upright and resulted in neurocognitive function similar to that measured in control subjects while upright. The mechanism for this effect has yet to be determined but may involve the effect of neural tasks on local functional hyperemia, so-called neurovascular coupling, as we have previously shown (52), or of blood pressure on the synchronization of CBFv affecting cerebral autoregulation. Effects of phenylephrine on cerebral blood flow. We have recently reported, based on cerebral near-infrared spectroscopy measurements during a modified Oxford maneuver [infusion of the NO donor sodium nitroprusside (SNP) followed by phenylephrine], that increased MCA blood flow after SNP was likely due to vasodilation (9) . Cerebral blood flow measured in the MCA increased after phenylephrine and then returned to baseline. This is similar to previous findings in which CBFv decreased during SNP and increased during phenylephrine (51) . In the present study, in contrast to the effect of SNP, it is possible that phenylephrine causes vasoconstriction of the cerebral vasculature mediated via elevation in perfusion pressure, an important determinant of cerebral reactivity (20) . And, since phenylephrine does not cross the blood-brain barrier (19, 40) , this vasoconstriction is likely a myogenic response to the increase in cerebral perfusion pressure.
Neuronal activity and cerebral blood flow are tightly coupled in both the resting and the activated brain, and neuronal activity causes increased cerebral blood flow (3), denoted as "functional hyperemia." The coupling is sufficiently tight that local neuronal activity can be assessed by measuring regional blood flow (17) . In studies employing incremental tilt, while CBFv decreased with tilt angle to a similar extent in CFS/ POTS and control subjects, the expected increase of CBFv during cognitive and neuronal activation, denoted "neuronal activated CBFv," was absent in CFS/POTS subjects. This is in contrast to control subjects, in whom progressive tasking difficulty enhances task-dependent blood flow, which is also orthostasis independent (52).
Increased cerebral blood flow during mental tasks is expected, and reflects enhanced neuronal activity. Phenylephrine, perhaps by maintaining cerebral blood flow during orthostatic challenge, may have avoided disruption in neurovascular coupling in CFS and maintained neuronal activity, restoring taskdependent blood flow and mental abilities. Elevating blood pressure during orthostasis with another ␣ 1 -adrenergic agonist, midodrine, improves aspects of neurocognitive function in some subjects with spinal cord injury (40) . Disruption in neurovascular coupling has been shown in diabetes, depression, hypertension, stroke, and Alzheimer disease (17) . The hypothesis of disrupted neurovascular coupling receives support from the reduction in n-back performance with angle of tilt in CFS/POTS as we have previously reported (39) .
The large drop in CBFv in CFS subjects during HUT also suggests that both dynamic and static cerebral autoregulation in these subjects are diminished and is consistent with the increase in coherence between mean arterial pressure (MAP) and CBFv that indicates reduced autoregulation (38) . The increased coherence and synchronization between MAP and CBFv suggest that baroreflex-mediated fluctuations in pressure may be related to fluctuations in CBFv. Morita et al. (34) demonstrated that the microvasculature in the region of the MCA has sympathetic and parasympathetic innervation, and the removal of each, especially sympathetic nerves, greatly affects autoregulation (34) . This supports the idea that baroreflex and sympathetic activity may be translated to changes in CBFv. Talman et al. also demonstrated that the baroreflex affects autoregulation by showing that disruption of the baroreflex attenuates the response of CBFv to increases in MAP (54) . Caution must be exercised when comparing different studies of cerebral autoregulatory function, because descriptive parameters of autoreg- ulation may not be comparable and because cerebral autoregulation is asymmetric when measured during different physiological states such as exercise and chronic hypotension (58) .
Thus phenylephrine may alter neurovascular coupling in CFS subjects, either directly or by altering the cerebral autoregulation. This may be achieved by influencing the baroreflex "set point" of this response either directly or through changing peripheral resistance and systemic blood pressure. Since phenylephrine was able to significantly reduce the orthostatic fall in CBFv in CFS subjects and prevent the decreased n-back performance during HUT, understanding its mechanism of action is important in suggesting therapies directed at preventing so-called brain or mental fog in this population. The exact nature of these relationships is the subject of ongoing determinations.
Limitations. Transcranial Doppler data should be interpreted cautiously because it measures global CBFv and is likely insensitive to small localized changes. However, its use is complementary to tilt methodology because of its rapid temporal resolution.
Changes in CBFv with phenylephrine may not represent changes in flow, as TCD measures CBFv rather than cerebral blood flow. CBF is dependent on the diameter of the insonated artery, and the diameter of the MCA may be resistant to change during orthostatic stress (45) .
In the present study, the majority of CFS subjects were female (14:1 F:M), this because most CFS patients are female, with estimates ranging from 75% to 80% (26) . The majority of our subjects were all menstruating women, but we did not determine the menstrual phase in any of our CFS subjects or control subjects. However, while previous studies have demonstrated that hormonal fluctuations that occur during the normal menstrual cycle may alter autonomic regulation of arterial pressure during various environmental stimuli (55) , there is no apparent hormonal effect on orthostatic tolerance or related symptoms (22) . Because of the skewed sexual distribution of CFS, it is unlikely that separate studies comparing like sexes can be accomplished.
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